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I. General remarks
All reactions were carried out under an argon atmosphere by standard syringe and septa techniques.
Glassware was flame-dried under vacuum or taken directly from the oven (100 °C) and let cool under vacuum prior to every use. Reagents and solvents were purchased from commercial sources and generally used as received. DCM, THF, CH 3 CN and DMF were dried on a MBRAUN purification system MB SPS-800. Where necessary, other organic solvents or compounds were dried and/or distilled.
NMR spectra ( ). High-resolution mass spectra (HRMS) were recorded using a mass spectrometer MicroTOF from Bruker with an electron spray ion source (ESI) and a TOF detector or using a mass spectrometer from Thermo Fisher Scientific with an electron spray ion source (ESI) and a LTQ Orbitrap as detector at Institut Parisien de Chimie Moléculaire. Melting points were measured in capillary tubes on Stuart Scientific SMP3 apparatus and are uncorrected. TLC were performed on Merck 60 F254 silica gel and revealed with either a ultra-violet lamp ( = 254 nm) or a specific color reagent (potassium permanganate, p-anisaldehyde, etc.) . A silica gel Merck Geduran® SI 60 (40-63 µm) was used for flash column chromatography. Et 3 N (1.44 mL, 10.35 mmol, 1.7 equiv) was added and the resulting mixture was allowed to warm to room temperature and stirred for 1.5 h before it was quenched with HCl solution (1.0 M aq., 10 mL). The layers were separated and the organic layer was washed with brine (10 mL), dried (MgSO 4 ) and concentrated in vacuo to afford 2-bromo-2-cyclohexen-1-one (1.07 g, 98%).
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II. Further optimizations
To a solution of 2-bromo-2-cyclohexen-1-one (174 mg, 1.0 mmol, 1.0 equiv) in anhydrous acetone (5 mL), PhCO 2 Na (360 mg, 2.5 mmol, 2.5 equiv), 4 Å MS (348 mg, 200 wt %) and 15-crown-5 (0.56 mL, 2.8 mmol, 2.8 equiv) were added. Then, the reaction was heated at reflux for 12 hours. 
4-Benzoyloxy-2-cyclopentenone (2b).
Following the procedure described by Evans: [2] furfuryl alcohol (7.35 mL, 85.0 mmol, 1 equiv) and potassium dihydrogen orthophosphate (2.1 g, 15.5 mmol, 0.18 equiv) were dissolved in water (0.5 L). The resulting solution was degassed with a stream of argon during 1 h stirring. The reaction was brought to reflux for 48 h and then cooled to room temperature. The aqueous layer was washed with EtOAc (2 x 100 mL), the combined organic layers were discarded. The aqueous layer was concentrated almost to dryness (ca. 25 mL) under reduced pressure and the residue was then thoroughly extracted with EtOAc (5 x 20 mL). The combined organic layers were dried over MgSO 4 , filtered and the solvent removed under reduced pressure to give 4-hydroxycyclopent-2-enone as brown oil (2.943 g, 30%).
Et 3 N (0.168 mL, 1.2 mmol, 1.2 equiv) and benzoic anhydride (249 mg, 1.1 mmol, 1.1 equiv) were added to a solution of the 4-hydroxycyclopent-2-enone ((98 mg, 1.0 mmol, 1.0 equiv) in dry CH 2 Cl 2 (0.5 M) at 0 C. After 10 h stirring at room temperature, the reaction was treated with a saturated aqueous NaHCO 3 solution, and the aqueous layer was extracted with CH 2 Cl 2 . The combined organic layers were washed with brine, dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. The crude product was purified by flash chromatography on silica gel (eluent:
EtOAc/cyclohexane = 1/10; Rf 0.49 in EtOAc/cyclohexane = 1/2) to give desired product 2b as a white 4-Acetoxy-2-cycloheptenone (2c). Following the procedure described by Nakanishi: 3 to a solution of 2-cyclohepten-1-one (80%, 275 mg, 2 mmol, 1 equiv) in carbon tetrachloride (4 mL) N-bromosuccinimide (500 mg, 2.8 mmol, 2.8 equiv) and benzoyl peroxide (1 mg) were added. After 3 h heating at reflux, the resulting dark brown solution was cooled to room temperature and petroleum ether (10 mL) was added to precipitate the succinimide, which was removed by filtration with additional washing with petroleum ether (5 mL). The filtrate was concentrated under reduced pressure to give a solution of crude 4-bromo-2-cycloheptenone in CCl 4
with a final volume of ca. 1 mL. [6]
VI. Procedures and analytical data for bicyclic products 4-9
General procedure 1 (GP1): conditions A in DMSO at rt 
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In a Schlenk tube, under an argon atmosphere, were added Pd(OAc) 2 (0.10 equiv), dppb (0.15 equiv) and anhydrous DMSO (0.1 M). After 10 min, the cyclic electrophilic 2a-c (1.3 equiv) and the dimethyl 3-oxoglutarate (1a, 1.0 equiv) were added. The reaction was stirred at room temperature. After 1 hour, the reaction mixture was filtered on a plug of silica and washed with EtOAc. The filtrate was washed with a 10% aqueous solution of NaHCO 3 . The aqueous phase was extracted with EtOAc, and the combined organic phases were washed with brine, dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. Purification by column chromatography on silica gel afforded the corresponding product 4a-c (or compound 6 in the case of 2b).
General procedure 2 (GP2): conditions A' in THF at rt
In a Schlenk tube, under an argon atmosphere, were added Pd(OAc) 2 (0.10 equiv), dppb (0.15 equiv) and anhydrous THF (0.1 M). After 10 min, the cyclic electrophilic 2a (1.3 equiv) and the bisnucleophile 1b-d (1.0 equiv) were added. The reaction was stirred at room temperature. After 1 hour, the reaction mixture was filtered on a plug of silica and washed with EtOAc. The filtrate was washed with a 10% aqueous solution of NaHCO 3 and brine, dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. Purification by column chromatography on silica gel afforded the corresponding product 7-9.
General procedure 3 (GP3): conditions B in DMSO at 130 °C
In a sealed tube, under an argon atmosphere, were added Pd(OAc) 2 (0.10 equiv), dppb (0.15 equiv) and anhydrous DMSO (0.1 M). After 10 min, the cyclic electrophilic 2a-c (1.3 equiv) and dimethyl 3-oxoglutarate (1a, 1.0 equiv) were added. The reaction was stirred at 130 C. After 6 hours or 8 hours, the reaction mixture was filtered on a plug of silica and washed with EtOAc. The filtrate was washed with a 10% aqueous solution of NaHCO 3 . The aqueous phase was extracted with EtOAc, and the combined organic phases were washed with brine, dried over anhydrous MgSO 4 , filtered and S8 concentrated under reduced pressure. Purification by column chromatography on silica gel afforded the corresponding product 5a-c.
General procedure 4 (GP4): conditions C in DMSO at 130 °C with microwave
In a sealed microwave tube, under an argon atmosphere, were added Pd(OAc) 2 (0.10 equiv), dppb (0.15 equiv) and anhydrous THF (0.1 M). After 10 mins, the cyclic electrophilic 2a-c (1.3 equiv) and dimethyl-3-oxoglutarate (1a, 1.0 equiv) were added. The reaction was stirred at 130 C under microwave irradiation conditions. After 1 hour, the reaction mixture was filtered on a plug of silica and washed with EtOAc. The filtrate was washed with a 10% aqueous solution of NaHCO 3 . The aqueous phase was extracted with EtOAc, and the combined organic phases were washed with brine, dried over anhydrous MgSO 4 , filtered and concentrated under reduced pressure. Purification by column chromatography on silica gel afforded the corresponding product 5a-c.
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Methyl (3aS*,7aS*)-2-(2-methoxy-2-oxoethyl)-6-oxo-3a,4,5,6,7,7a- .37 (dd, J = 5.7, 1.6 Hz, 1H), 6.31 (ddd, J = 6.9, 3.6, 1.2 Hz, 1H), 6.17 (ddd, J = 6.9, 3.6, 1.2 Hz, 1H), 3.54-3.49 (m, 1H), 3.43-3.38 (m, 1H), 3.21 (ddt, J = 4.7, 3.6, 1.2 Hz, 1H), 2.91 (dd, J = 6.1, 4.9 Hz, 1H).
These data are in good agreement with those reported in the literature.
[7]
[7] Chaicharoenwimolkul, L. ): 2953, 2923, 1852, 1743, 1693, 1647, 1437, 1331, 1228, 1191, 1169, 1115, 1061 . 8, 168.4, 165.3, 162.8, 108.3, 80.8, 52.3, 51.0, 45.3, 44.7, 44.6, 34.0, 26.7, 20.7 8, 191.7, 181.4, 167.7, 109.6, 97.4, 80.2, 41.2, 39.0, 35.7, 25.4, 23.8, 15.0 The crude product was purified by flash chromatography on silica gel (eluent:
EtOAc/cyclohexane = 3/2) to give compound 9 (63 mg, 73%) as a yellow oil. 
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